Activated T and B lymphocytes in periodontal disease lesions express receptor activator of NF-B ligand (RANKL), which induces osteoclastic bone resorption. The objective of this study was to evaluate the effects of anti-RANKL antibody on periodontal bone resorption in vitro and in vivo. Aggregatibacter actinomycetemcomitans outer membrane protein 29 (Omp29) and A. actinomycetemcomitans lipopolysaccharide (LPS) were injected into 3 palatal gingival sites, and Omp29-specific T clone cells were transferred into the tail veins of rats. Rabbit anti-RANKL IgG antibody or F(ab) 2 antibody fragments thereof were injected into the palatal sites in each rat (days ؊1, 1, and 3). Anti-RANKL IgG antibody significantly inhibited soluble RANKL (sRANKL)-induced osteoclastogenesis in vitro, in a dose-dependent manner, but also gave rise to a rat antibody response to rabbit IgG in vivo, with no significant inhibition of periodontal bone resorption detected. Lower doses (1.5 and 0.15 g/3 sites) of F(ab) 2 antibody were not immunogenic in the context of the experimental model. Periodontal bone resorption was inhibited significantly by injection of the anti-RANKL F(ab) 2 antibody into gingivae. The sRANKL concentrations for the antibody-treated groups were decreased significantly compared to those for the untreated group. Osteoclasts on the alveolar bone surface were also diminished significantly after antibody injection. Gingival sRANKL concentration and bone loss showed a significant correlation with one another in animals receiving anti-RANKL F(ab) 2 antibody. These results suggest that antibody to RANKL can inhibit A. actinomycetemcomitans-specific T cell-induced periodontal bone resorption by blockade and reduction of tissue sRANKL, providing an immunological approach to ameliorate immune cell-mediated periodontal bone resorption.
Host immune responses play a key role in periodontal diseases (11, 29) . Compelling evidence now indicates that periodontitis is not a conventional infectious disease but is an inflammatory disease triggered by the host immune response to the microorganism(s) associated with periodontal biofilm (22, 26, 28, 30, 34) . Recently, a close relationship between the immune and skeletal systems within the interdisciplinary field called "osteoimmunology" has attracted much attention due to accumulating evidence that bone destruction can be caused by an inflammatory activation of the immune system in rheumatoid arthritis and in periodontitis (31) . Many studies have demonstrated that host immune responses play a key role in stimulating osteoclastogenesis and in promoting bone resorption in periodontal disease (9, 27) . T and B lymphocytes found in periodontal lesions express abundant receptor activator of NF-B ligand (RANKL). Stimulation of RANKL expression by these lymphocytes is inhibited (in vitro and in vivo) by a decoy receptor for RANKL, osteoprotegerin (OPG), which suggests that bone resorption is RANKL dependent. These findings provide a fundamentally new understanding of the mechanism of periodontal disease and support the hypothesis that tissue destruction in periodontal disease can be ameliorated by inhibition of RANKL activity in immune effector cells. If this hypothesis is correct, then therapeutic strategies based on immune modulation may be effective in preventing bone resorption and tooth loss in people with periodontitis. The hypothesis has been tested in osteoporotic individuals with immunological blockade of RANKL-RANK interaction by use of antibody to RANKL. Such an antibody (denosumab; formerly known as AMG 162) has been shown to effectively increase bone mineral density in postmenopausal women and to decrease bone resorption (20, 21) . Preliminary data from clinical trials suggest that denosumab might be an effective treatment for osteoporosis. However, much remains to be determined before such a strategy (capable of modulating the RANKL-RANK interaction) could be administered safely for the management of bone-resorptive diseases other than osteoporosis.
In this study, anti-RANKL antibody treatments were assessed in an in vitro osteoclastogenesis model and in a validated rat model of periodontal disease (12, 31) . We evaluated a method of reducing periodontal bone resorption by direct inhibition of RANKL with anti-RANKL neutralizing antibody. This study provides an understanding of the mechanisms by which the host immune response mediates bone resorption and may lead to future clinical translational studies of strategies for preventing tooth loss in periodontitis.
MATERIALS AND METHODS

Animals.
Rowett strain (inbred at the Forsyth Institute for 20 years) 2-monthold female rats (rnu/ϩ; heterozygous normal) with restricted oral flora were bred in plastic isolators and maintained under pathogen-free conditions in laminar flow cabinets. All T-cell clones used in this study were derived from these Rowett strain rats.
Bacteria, bacterial antigens, and LPS. Aggregatibacter actinomycetemcomitans ATCC 43718 (strain Y4; American Type Culture Collection, Manassas, VA) was grown in pleuropleumonia-like organism broth (Difco Laboratories, Detroit, MI) with glucose (3 g/liter) and sodium bicarbonate (1g/liter) for 72 h at 37°C under increased CO 2 . Cultured bacteria in the logarithmic growth phase were killed with formalin (5%) and served as a T-cell antigen(s). The A. actinomycetemcomitans 29-kDa outer membrane protein (Omp29) (18, 32) and A. actinomycetemcomitans lipopolysaccharide (LPS) (24) were prepared as previously described.
Preparation of anti-RANKL IgG and F(ab) 2 fragments. Anti-RANKL antibody was produced in New Zealand White rabbits (Robert Sargeant, Ramona, CA) by immunization with recombinant rat RANKL (19.4 kDa, 174 amino acids; Peprotech, Rocky Hill, NJ). Anti-RANKL IgG antibody and F(abЈ) 2 fragments were prepared by pepsin digestion and purified with NAb spin kits (Pierce, Rockford, IL), an F(abЈ) 2 preparation kit (Pierce), and an iCON concentrator (Pierce). Nonantibody rabbit IgG was prepared identically.
Evaluation of osteoclastogenesis in vitro. The mouse macrophage/monocyte cell line RAW 264.7 (ATCC no. TIB-71) was seeded in 96-well plates at a density of 10 3 cells/well in 150 l of alpha minimal essential medium (␣-MEM) supplemented with 10% fetal bovine serum (FBS), 1% penicillin-streptomycin, and 100 ng/ml murine soluble RANKL (sRANKL) (R&D Systems, Minneapolis, MN). After 2 days, the medium was replaced with fresh medium without sRANKL, and the RAW 264.7 cells were cocultured with purified A. actinomycetemcomitans Omp29-specific T cells (1.5 ϫ 10 5 cells/well) or with the culture supernatant (100 l/well) of purified T cells for another 3 days. Cultures were performed with different doses of rabbit anti-rat RANKL IgG (10 g/ml, 5 g/ml, and 1 g/ml). Cells were stained for tartrate-resistant acid phosphatase (TRAP) by use of a leukocyte acid phosphatase kit (Sigma, St. Louis, MO) according to the manufacturer's instructions. Osteoclasts were identified as multinucleated dark red cells. TRAP-positive cells with three or more nuclei were considered osteoclasts and were counted microscopically.
Determination of rat anti-rabbit IgG antibody or F(ab) 2 antibody fragment. To verify the immunogenicity of rabbit IgG antibody or F(abЈ) 2 antibody fragment in recipient animals, the rat serum IgG antibody levels to the rabbit IgG F(abЈ) 2 fragment were determined by enzyme-linked immunosorbent assay (ELISA). The sera were collected on days 0, 7, and 10 after gingival injection of rabbit IgG antibody or F(abЈ) 2 fragment on days Ϫ1, 1, and 3. Rabbit normal IgG (1:400) was bound to 96-well ELISA plates as previously described (6) . Rat serum (1/100 dilution) was applied to the plates and incubated for 2 h. After washing of the plates, alkaline phosphatase (AP)-conjugated rabbit anti-rat IgG (Sigma) was added. After incubation in tetramethylbenzidine (TMB) liquid substrate (Sigma) for 20 min, the reaction was terminated by the addition of 1% sodium dodecyl sulfate (SDS) and the absorbance at 405 nm was determined by use of a spectrophotometer.
Overall experimental protocol for adoptive transfer. Rowett strain rats were randomly divided into five groups (n ϭ 12 rats/group) that received microinjection of 0.5 g/site of A. actinomycetemcomitans Omp29 plus 0.5 g/site of A. actinomycetemcomitans LPS in the right palate at 3 sites, whereas phosphatebuffered saline (PBS) was injected into the symmetric sites of the left palate as a control. Each group of rats (n ϭ 12 rats/group) also received tail vein injection of the T-cell clone (5 ϫ 10 6 /rat) as previously described (12) . Th1-type clone cells specific for Omp29 were activated by incubation with sterile formalin-killed A. actinomycetemcomitans and mitomycin-treated rat spleen cells in RPMI complete medium containing 10% fetal calf serum (FCS), 100 U/ml penicillin, 100 mg/ml streptomycin, 2 mM L-glutamine, and 10 mM HEPES buffer. The injection of different doses (10, 1.5, 0.15, and 0.015 g/3 sites) of anti-RANKL IgG or F(abЈ) 2 fragment was performed on both sides on days Ϫ1, 1, and 3. To determine the formation of osteoclasts in vivo, decalcified maxillary tissues from 3 rats from each group were prepared by cryostat sectioning (20 sections per animal). The sections were subjected to TRAP staining, and osteoclasts were identified as multinucleated TRAP-positive cells on the alveolar bone surface (7 to 9 sections per animal). Also, gingival tissues were removed from each rat in each group (n ϭ 6 rats/group) for the preparation of gingival homogenate. In addition, bone resorption was measured in the defleshed jaws of the residual animals from the original groups of 12 rats.
Flow cytometry analysis. Cells were cultured for 3 days before collection for analysis. T-cell membrane-bound RANKL expression was detected by double staining for a T-cell marker (phycoerythrin [PE]-conjugated anti-CD3) and OPG-Fc fusion protein as described previously (31) Detection of gingival homogenate sRANKL by ELISA. For gingival homogenate collection, gingivae were removed by dissection and were homogenized with a Dounce glass homogenizer in PBS with 0.05% Tween 20, phenylmethane sulfonyl fluoride (Sigma), and proteinase inhibitor cocktail (Sigma). The sRANKL level in gingival homogenate was detected using a murine sRANKL ELISA development kit (Peprotech).
Measurement of bone resorption. Ten days after T clone transfer and gingival challenge with Omp29 and LPS, animals were sacrificed, the jaws were defleshed, and periodontal bone resorption was measured as previously described (12) . Briefly, the distance from the cemento-enamel junction (CEJ) to the alveolar crest (AC) on the palatal side of each root was measured by microscopy with a reticule eyepiece at a magnification of ϫ25. Recordings were made for the long axis of the root surface for all molar teeth. A total of seven recordings were evaluated for each quadrant, including three roots of the first molar and both roots of the second and the third molars. Measurements were made without prior knowledge of the group designation of the animals, and the recordings were verified by a second examiner. The bone loss was calculated and expressed as the percentage of bone loss, determined by the following equation: [(total CEJto-AC distance of right maxilla Ϫ total CEJ-to-AC distance of left maxilla)/(total CEJ-to-AC distance of left maxilla)] ϫ 100.
Evaluation of osteoclastogenesis in vivo. To further investigate the reduction of periodontal bone resorption in this model, the formation and localization of osteoclasts were evaluated by TRAP staining. Rats were killed 10 days after transfer of A. actinomycetemcomitans-specific T cells and gingival injection with antigen and F(abЈ) 2 fragment antibody. The whole maxilla was dissected and fixed in 5% formaldehyde-saline solution overnight at 4°C. Tissues were decalcified in 10% EDTA-0.1 M Tris (pH 6.9) solution for 3 weeks at 4°C. Decalcified samples were cut in half through the midline of the palate, embedded in OCT compound (Miles), and frozen at Ϫ80°C for 1 h. Serial sections (6 m) were cut by cryostat sectioning. For TRAP staining, the slides were incubated for 10 min in TRAP staining solution at 37°C in the dark. The slides were then counterstained with hematoxylin. Multinucleated dark red cells with three or more nuclei lying along the alveolar bone surface were considered osteoclasts. For quantitative image analysis, the number of TRAP-positive cells per millimeter of the alveolar bone surface was counted using Image-Pro Plus (Media Cybernetics, Inc.).
Statistical analysis. All assays were conducted at least in triplicate, and each study was repeated 3 times. Quantitative data are expressed as means Ϯ standard deviations (SD). Data for the in vitro and in vivo multiple group experiments, including multinucleated TRAP ϩ cell formation and sRANKL quantitation by ELISA, were analyzed by the Student-Newman-Keuls (SNK) multiple comparison test following one-way analysis of variance (ANOVA). P values of Ͻ0.05 were considered statistically significant.
RESULTS
Influence of rabbit anti-RANKL IgG antibody in vitro and in vivo.
In preliminary experiments, we prepared and tested a rabbit antibody to recombinant sRANKL. The IgG fraction was tested for the ability to inhibit RANKL-mediated osteoclastogenesis in vitro. This antibody significantly inhibited TRAP-positive multinucleated cell formation in vitro, in a dose-dependent fashion (Fig. 1A) . This antibody was also tested in the specific T-cell clone adoptive transfer periodontal disease model in vivo. The antibody (4 doses) did not affect levels of sRANKL in the gingivae or periodontal bone loss (Fig. 1B) . All intragingivally injected rats demonstrated immune responses to the rabbit IgG antibody, which might have inhibited the effect of antibody to RANKL on periodontal bone resorption (Fig. 1C) .
Influence of injected anti-RANKL F(ab) 2 antibody on rat humoral response. We prepared the F(abЈ) 2 fragment of rabbit anti-RANKL antibody to determine the status of injected anti-RANKL F(abЈ) 2 in vivo. Rat serum IgG antibody to rabbit IgG was measured on days 0, 7, and 10 after adoptive transfer and gingival challenge. Only the group injected with 10 g/rat anti-RANKL showed a significantly higher level of rat serum IgG antibody to the rabbit F(abЈ) 2 fragment (P Ͻ 0.05). Lower anti-RANKL doses (0.15 and 1.5 g/3 sites) did not result in IgG antibody to rabbit IgG during the indicated period (Fig. 2) .
Anti-RANKL F(ab) 2 fragment inhibits osteoclastogenesis by RAW 264.7 cells. We found that F(abЈ) 2 antibody to RANKL inhibited osteoclastogenesis by RAW 264.7 cells in vitro, in a dose-dependent manner (Fig. 3) . Therefore, we sought to determine if there were effects of this F(abЈ) 2 antibody on immune-mediated periodontal bone loss in vivo. mRANKL expression detection by flow cytometry. We tested the antibody for reactivity with membrane RANKL (mRANKL) on the surfaces of activated T clone cells by flow cytometry (Fig. 4) . F(abЈ) 2 , intact anti-RANKL IgG, and OPGhuman Fc bound to the mRANKL of 25 to 30% of the activated T cells, as indicated by reactivity with FITC-conjugated anti-rabbit IgG or FITC-conjugated anti-human IgG. Elimination of either of these reagents resulted in fewer than 5% of the cells being stained. Therefore, these data indicate that the antibody [either intact IgG or F(abЈ) 2 ] reacted with both sRANKL and mRANKL (Fig. 4) . 3 /well) were cultured with 100 ng/ml recombinant murine soluble RANKL (75 ng/ml) for 2 days. Different concentrations of anti-RANKL IgG antibody were then added to the culture for 3 days. TRAP-positive cells with three or more nuclei were considered osteoclasts. ‫,ء‬ P Ͻ 0.05; ‫,ءء‬ P Ͻ 0.01 (for cells assayed in triplicate). This experiment was repeated 3 times with similar results. (B) Rabbit anti-rat RANKL IgG does not significantly affect periodontal bone resorption (% increase relative to control side) or gingival sRANKL concentration in the rat T-cell clone transfer model. sRANKL levels in gingival homogenates were detected by ELISA as described in Materials and Methods. Periodontal bone loss was measured as the distance from the CEJ to the AC on each palatal side of the root and is expressed as a percentage relative to the control level (n ϭ 3 rats per treated group). Data are presented as means Ϯ SD for ELISA-determined sRANKL concentrations assayed in triplicate. (C) Immune response of rats to rabbit IgG antibody after injection with various doses (0.6, 3, and 30 g/3 sites) of anti-RANKL IgG (xRANKL IgG). Rat anti-rabbit IgG antibody levels in sera were measured by ELISA on days 0, 7, and 10 after injection of various doses of rabbit anti-RANKL IgG into the rat palatal gingival papillae. Data are presented as means Ϯ SD for 3 sera, each assayed in triplicate. ‫,ء‬ P Ͻ 0.05; ‫,ءء‬ P Ͻ 0.01. 2 antibody to RANKL in rats. Rat anti-rabbit IgG antibody levels in sera were measured by ELISA after injection of T clone cells and various doses (0.015 g to 10 g/3 sites) of rabbit anti-RANKL F(abЈ) 2 antibody into rat gingival papillae. Data are presented as means Ϯ SD for 3 sera, each assayed in triplicate. ** , P Ͻ 0.01. (Fig. 5A ) or T-cell culture supernatant (Fig. 5B) . TRAP ϩ cell formation by RAW264.7 cells could be inhibited significantly by 5 and 10 g/ml F(abЈ) 2 antibody but not by a concentration of 1 g/ml (Fig. 5A and B) . These findings suggest that the F(abЈ) 2 antibody can inhibit osteoclastogenesis by RAW264.7 cells induced by antigen-specific T cells. Detection of sRANKL protein in gingival tissue homogenates. ELISA was performed to measure sRANKL protein in the gingival tissue homogenates of rats that received T-cell transfer and gingival antigen injection at day 10. The concentration of sRANKL protein in gingival tissue was decreased significantly (P Ͻ 0.05; t test) in anti-RANKL F(abЈ) 2 fragment-treated groups compared to the untreated group (Fig. 6A) .
FIG. 2. Lack of immunogenicity of low doses of rabbit F(abЈ)
Alveolar bone resorption. Ten days after T-cell transfer, rat heads were processed to measure periodontal bone resorption. Rats injected with anti-RANKL antibody (0.015, 0.15, 1.5, and 10 g/3 sites) demonstrated significantly decreased alveolar bone resorption (15.4% Ϯ 1.2%, 12.7% Ϯ 2.5%, and 12.6% Ϯ 2.4% for the 0.15-, 1.5-, and 10-g groups, respectively) compared with the control group (without antibody injection; 20.8% Ϯ 2.3%) (P Ͻ 0.05) (Fig. 6B) . There was no significant difference in the percentage of bone loss in the 0.015-g anti-RANKL injection group compared with the control group (Fig. 6B) . The correlation between bone loss and gingival sRANKL concentration in rats administered F(abЈ) 2 anti-RANKL antibody in vivo, we used an immune-mediated specific T-cell bone resorption system in vivo where T cells were adoptively transferred and Omp29 and LPS were injected into the gingivae. No TRAP ϩ cells were observed in the negative-control group receiving no T cells (Fig. 7A) . Administration of the anti-RANKL antibody (Fig. 7C ) resulted in a reduction of TRAP ϩ cells on the alveolar crest compared to the group receiving T-cell transfer only (Fig. 7B) . The numbers of cells on the alveolar bone crest, presented as numbers of TRAP-positive cells/mm, were decreased more than 31% for animals injected with anti-RANKL antibody compared to the group receiving T-cell transfer only (Fig. 7D) .
DISCUSSION
Many studies have demonstrated that host immune responses are associated with the onset and progression of periodontal diseases. We have extensively studied the role of immune responses in rodent experimental periodontal disease (5, 12, 15, 33) . In this study, we administered anti-RANKL antibody directly to the gingivae of rats receiving T-cell transfer and gingival antigen injections, resulting in a significant reduction of gingival sRANKL expression and of bone resorption.
The human RANKL gene encodes a 316-amino-acid type II transmembrane protein containing a 47-amino-acid cytoplasmic region, a 21-amino-acid transmembrane region, and a 248-amino-acid extracellular domain (2) . The soluble form of RANKL is a 20-kDa polypeptide comprising the tumor necrosis factor (TNF)-homologous region of RANKL and is generated by intracellular proteolytic processing of the full-length RANKL protein (10) . Studies have suggested that immunological blockade of RANKL-RANK interaction by use of antibody to RANKL can relieve symptoms of osteoporosis and sustain increased bone density (20) . Our hypothesis is that antibody blockade of RANKL interferes with immune cell-mediated periodontal bone resorption by reduction of the sRANKL concentration level (Fig. 6A) . Our previous studies using immunohistochemical analyses and confocal microscopy demonstrated abundant RANKL expression on T and B cells in the gingival lesions of patients with chronic periodontitis. These cells taken from gingival tissues could induce osteoclastic development and associated bone pit formation (14) . In other studies, several Th1 antigen-specific clones gave rise to significant bone resorption that could be ablated with CTLA4-Ig or OPG-Fc (5, (12) (13) (14) , emphasizing the RANKL dependence of bone resorption. In this study, we focused on Th1 cells and anti-RANKL antibody and studied if anti-RANKL can decrease bone resorption, using a T-cell adoptive transfer model. Our data suggest that the effect of RANKL expression by T cells is inhibited directly by anti-RANKL antibody. Our results demonstrated that blockage of antigen-specific RANKL-expressing T cells with anti-RANKL antibody resulted in a markedly decreased osteoclast presence on the alveolar bone surface and reduced periodontal bone resorption.
We previously reported that antigen-specific T cells can be retained in antigen-and LPS-challenged gingivae (33) . A mechanism for T-cell migration into inflammatory lesions can involve regulation by chemokines and adhesion molecules (4, 23, 25) . In this study, we injected anti-RANKL antibody into gingivae on days 0, 1, and 3. The concentration of sRANKL protein in gingival tissue and the amount of bone resorption were decreased significantly after antibody injection (P Ͻ 0.01) compared to those of the control group. In addition, there was a significant positive correlation between the level of sRANKL in tissues and bone resorption. These data suggest that local anti-RANKL antibody injection may directly inhibit RANKL expression on the T-cell surface.
We initially prepared intact anti-RANKL IgG antibody from rabbits immunized with RANKL peptides and tested its effect on inhibition of RANKL-dependent osteoclastogenesis both in vitro and in vivo. The results showed that rabbit anti-RANKL IgG dramatically inhibited osteoclastogenesis in vitro (Fig. 1A) but did not inhibit periodontal bone loss in vivo, probably due to a rat immune response to this rabbit anti-RANKL IgG antibody and to production of anti-rabbit IgG antibody (Fig.  1B and C) . In order to circumvent such a consequence, we then generated anti-RANKL F(abЈ) 2 antibody to demonstrate that low doses of such an antibody (from 0.015 g/3 sites to 1.5 g/3 sites) do not sensitize rats and that administration of this antibody significantly inhibits RANKL-dependent osteoclastogenesis both in vitro and in vivo (Fig. 5, 6, and 7) . The data indicate that a moderate dose of anti-RANKL F(abЈ) 2 antibody (1.5 g/3 sites) would be the optimal intervention regi- It has been demonstrated that LPS alone can trigger innate as well as adaptive immune responses and induce periodontal bone loss (17) . However, in the T-cell transfer model, LPS alone did not generate bone loss, based on the results from our previous studies (12) . This was probably due to the fact that our system applies only a single injection of 0.5 g/site LPS into the gingival tissue, whereas other systems use multiple injections of a much larger amount of LPS (17) . An "LPS treatment" control group was not included because LPS had no bone-resorptive effect and therefore such an effect would not be ameliorated by anti-RANKL treatment.
Using the rat adoptive transfer/challenge model of periodontitis, we have demonstrated that bone resorption can be mediated by osteoclasts and is RANKL dependent. Our previous studies (9, 12-15, 27, 31) using rats showed that many antigen-specific T lymphocytes from the gingivae express RANKL, suggesting a crucial role of T cell-derived RANKL in inducing bone resorption. Other studies with similar rodent models have obtained comparable results (5, 33) . The purpose of this study was to focus on the effects of anti-RANKL antibody on T cell-mediated RANKL-dependent periodontal bone loss. Based on our previous results, it is conceivable that such an effect may be observed in a B-cell model. Although the current work focuses on T cells, it is warranted that the effect of anti-RANKL antibody on antigen-specific B cell-mediated bone loss should be studied separately with other established model systems (8) .
New treatments for periodontal disease must address the major immune cell contribution to periodontal bone resorption. Current treatment for periodontal disease often relies on mechanical procedures and neglects host biological responses, including the immune cells. Therefore, the overall emphasis of this study was to develop and evaluate therapeutic strategies to treat immune cell-mediated periodontal bone resorption. The focus of these treatments was on RANKL. We demonstrated that OPG-Fc is a potent inhibitor of T cell-or B cell-mediated periodontal bone resorption (9) . Physiological blockade of RANKL-RANK interaction and subsequent osteoclastogenesis by use of OPG-Fc is very powerful. In a rat model of periodontal disease using adoptive T-cell transfer, systemic administration of osteoprotegerin-Fc significantly reduced periodontal bone loss, by about 90%, compared to that of the control group injected with the control protein L6-Fc (a fusion protein of the irrelevant peptide L6 and the human Fc frag- (26) . However, recent studies with this fusion protein in patients with multiple myeloma were discontinued due to development of antibodies to OPG by the patients (3, 7, 16, 19) .
In addition, multivariate analyses demonstrated that osteoprotegerin retained a strong association with elevated coronary artery calcification scores after adjustment for age, gender, and other risk factors (1) . More recent studies have extended this general strategy to include immunological blockade of RANKL-RANK interaction by use of antibody to RANKL (20, 21) . This study suggests that antibody blockage of RANKL interferes with immune cell-mediated periodontal bone resorption by reduction of the sRANKL level.
